Introduction {#Sec1}
============

Both advantages and disadvantages of ozone is based on height; as in stratosphere, the ozone protects human health, and other biological systems against harmful Ultra-violet (UV) radiation via absorbing UV, but in contrast the very gas could potentially damage human health, animal, and vegetables in surface of troposphere as a secondary pollutant \[[@CR1]--[@CR6]\]. Ozone is the second fatal pollutant following the particulate matter; also, and it has the essential role in making effects on human health. Approximately 0.7 million deaths are related to tropospheric ozone annually \[[@CR7]\]. Ozone also affects crop yield of plants; it demolishes the *photosynthesis system* of plants as detriment about 14 to 26 billion dollars in 2000 \[[@CR8]\].

Tropospheric ozone is formed during some chemical reactions amongst ozone precursors such as Hydrocarbons (HC~s~), and Nitrate Oxidants (NO~x~) \[[@CR9]\]. The background concentrations of the ozone are strongly linked to its precursors' concentrations \[[@CR10]\] and the emission of precursors depends on sources mainly including gases produced by human and biological activities, but the human contribution including combustion, non-combustion, and agriculture is higher than biological activities \[[@CR11]\]. Ozone is also strongly believed to play a key role in global warming, climate change, decliningair quality, and chemistry of atmosphere \[[@CR12]--[@CR14]\].

The levels of background ozone had an increasing trend in the northern hemisphere particularly in North America, Europe, Eastern and Southeastern Asiain recent century, but recently this increase is controlled even in some regions with decreasing trend due to controlling programs \[[@CR15]--[@CR17]\].

This behavior of ozone and its precursors were considered in many literatures since the precursors of tropospheric ozone mainly affects the trends of ozone \[[@CR10], [@CR17]\]. Lal *et al.* \[[@CR18]\] reported that daily variation of the concentration of the tropospheric ozone was related to boundary layer processes, and local wind direction pattern, the high concentration in background ozone was observed in the seasons, fall and winter; also, this higher concentration was due to excessive production of ozone processors resulted in high traffic weight loads, and lower boundary layer heights in the mentioned seasons \[[@CR18]\]. Daily changes of background ozone concentrations investigated by Xu *et al.* \[[@CR19]\] indicated an increased tropospheric ozone \[[@CR19]\].

Production and trend of ozone are affected by regulation of controlling programs. Consequently, background levels of ozone could be controlled by regulating an appropriate policy.

It should be noted that controlling programs could not alwaysbe effective; the main factor of ozone products is not a manmade source and biological factors should occasionally be considered. In controlling programs that were applied in the United States, there was no acceptable influence in NO~x~-reduction program in background ozone reduction as NO~x~ reduction in the emissions' rate per mile compensated with increase of travel miles; as a result, target pollutant for controlling programs were changed from NO~x~to Volatile Organic Components (VOCs) in some regions \[[@CR20]\].

In some studies, long-term changes of ozone and its precursors were assessed \[[@CR21]--[@CR23]\]. Considering long-term trends of surface ozone are important to understand effects of this matter on human health, plants, and climates and for selecting air pollution control programs (as mentioned above), particularly in large scale.

Richter *et al.* \[[@CR24]\] demonstrated that trends of ozone precursors were increased over the last decades particularly in China; in contrast with the United States and Europe, producing trend of tropospheric ozone and its precursors were dropped \[[@CR21], [@CR24]\].

Some of the studies were performed in continentalscale. In Europe, a study conducted by Jonson *et al.* \[[@CR22]\] indentified that the ozone concentration was raised in winter and declined in summer, and also determined that changes in ozone is reasonably not correlates with changes in NO~x~ \[[@CR22]\].

In a systematic review it was showed that changes in ozone trends had a heterogeneous distribution so that in 22 stations, a rising trend was reported, in eight was reversed, and in some stations no change was observed \[[@CR15]\].

More studies should be conducted forozone and its own precursors' concentrations to survey the mentioned trends. The aim of the current study was to survey diurnal cycles and long-term trends for these pollutants in Tehran, Iran from March 2002 to September 2011, while more stations for long-term measurement of ozone and its precursors located in North America, Europe and East Asia \[[@CR25], [@CR26]\].

Material and methods {#Sec2}
====================

All of the data were collected from 18 regional air monitoring stations in Tehran city. They were given from Air Quality Control Companyof Tehran. Tehran had significantly a growth in urbanization and industry during the last years, \[[@CR27]\]. The stations automatically recorded the concentrations from March 2002 to September 2011. The locations of these stations are illustrated (Fig. [1](#Fig1){ref-type="fig"}). The measuring method for NO~x~ (NO~2~ and NO) concentration was Chemical Luminsans and Non-dispersive Infrared Sensor (NDIR), O~3~ Analyzerwere used to measure the O~3~ concentration. The values of the concentration of O~3~, and NO~x~ (NO~2~ and NO) were measured, hourly. The average of hour-values was taken and the mean of 10 years' days considered as daily changes. Also, the average was taken of daily means during a year, this considered asannual mean (long-term) concentration. To determine the statistical significance, *one sample test* was used. The significant level of greater than 0.05 was used to evaluate the ozone and NO~2~ behaviors in long-term trends. We removed NO concentration from long-term trend due to the high behavioral similarities to NO~2~.Fig. 1Location of air quality monitoring stations (Air Quality Control Company)

Results and discussion {#Sec3}
======================

The aims of this study were to investigate diurnal changes and annual trend for tropospheric ozone and the concentration of its main precursors in Tehran city during adecade (2002 to 2011). We focused on background levels of these pollutants collected from regional air monitoring stations across all of the areas.

The daily changes of ozone, NO and NO~2~ concentrations from 2002 to 2011 were shown (Fig. [2](#Fig2){ref-type="fig"} and Table [1](#Tab1){ref-type="table"}), and the annual trend of pollutants are illustrated (Figs. [3](#Fig3){ref-type="fig"} and [4](#Fig4){ref-type="fig"}).Fig. 2Diurnal variations in ozone, NO and NO~2~ concentration from March 2002 to September 2011Table 1A summary statistic table for ozone, NO and NO~2~ concentration according to time of dayTimePollutantNONO~2~O~3~MinMaxMeanSDMinMaxMeanSDMinMaxMeanSD174.81150.1799.2725.3441.1674.0457.8711.157.6441.2317.6610.72267.18131.4786.4521.2137.5170.1454.5610.708.3442.0218.4710.84354.97113.3673.9618.6834.1066.2551.6510.248.8334.2418.389.11448.1599.1864.8116.8434.4662.3849.619.169.1632.3818.618.83549.4190.6264.7414.4632.4261.0648.538.798.7031.2417.988.31657.13104.0578.7715.2038.0862.8951.907.717.6030.7317.068.34780.77140.21106.6819.2644.9469.8757.418.757.0633.2916.248.71878.66180.15112.9033.8549.2379.7561.9810.288.3537.3317.529.74951.82165.9689.5835.7848.1480.5161.819.9812.3037.0222.059.091035.62118.0264.8424.9743.8476.7758.5210.1017.3742.7828.958.891126.1586.7351.2918.0738.7470.2255.2610.3024.1250.6635.739.481220.7769.1742.9314.2732.8966.5751.9410.9629.8258.6940.6410.101317.9258.8337.3011.5832.8861.3549.079.6333.4063.3044.2010.831416.3852.1635.2210.7527.9358.8347.499.4835.8066.0346.7311.601515.9750.1834.389.8030.2258.8547.028.8634.2466.2646.5211.561617.6852.7835.1910.0730.7960.5747.119.1431.2763.8244.2611.321721.4760.4540.7230.0231.8161.3349.199.8526.4656.3539.4211.221829.3171.3249.6714.7034.9366.6353.449.3720.6547.1133.029.241943.0386.5562.5618.1941.0070.5857.979.0413.9338.9125.958.962057.14109.9379.7621.0747.1374.3162.168.839.4039.3920.759.942169.60133.0195.8922.0149.1777.4563.689.847.8841.3318.0010.522274.46148.28105.9324.2648.8678.4463.8310.847.4342.4617.3710.962377.43156.65108.4125.6446.8477.8262.5911.197.2742.8417.2911.012478.44158.66106.7725.7044.7876.7460.5411.227.2442.8617.5211.17Fig. 3Annual trend of NO~2~ mean concentration during 2002 to 2011Fig. 4Long-term trend of O~3~ concentration during 2002 to 2011

Diurnal variations {#Sec4}
------------------

The concentration of NO had two peaks at 7 to 8 A.M (\~110 ppb) and 9 to 12 P.M (\~105 ppb). Moreover, the NO~2~ peak occurred around 8 to 9 A.M (\~61 ppb) (following NO peak) and at 8 to 11 P.M (\~63 ppb). Conversely, a peak was observed in the concentration of ozone in the middle of the day reached to its peak at 1 to 3 P.M and the turning point of the levels of ozone occurred around 2 P.M (\~50 ppb). Coincides with the maximum level of ozone in middle of the day, minimum levels of NO and NO~2~ was observed (\~35 and 50 ppb, respectively).

In other words, the opposite behavior of ozone was demonstrated in comparison with its processors (NO and NO~2~) in terms of mean daily change. As maximum levels of ozone illustrated in noon, minimums were in the morning and night, in contrast, there was a maximum level for NO and NO~2~ in the morning and night and minimum during noon. These events are resulted from photochemical reactions of NO, and NO~2~ during rush hours and also job shifts. The rapid increase of NO concentration correlates with beginning of job hours in the morning. The peak of NO~2~ concentration related to converting of NO to NO~2~, over 1 to 2 h. With the rising of sun, the photochemical reactions of NO and NO~2~caused appearing of O~3~. The concentration of O~3~ would be in its own maximum level in the middle of the day. These results are compatible with some studies \[[@CR19], [@CR23], [@CR28]\].

Long-term trends {#Sec5}
----------------

Annual trends of ozone and the concentration of its main precursor were portrayed (Figs. [3](#Fig3){ref-type="fig"} and [4](#Fig4){ref-type="fig"}). Despite the increase in the concentration of NO~2~ in all years from 2002 to 2011, some changes were demonstrated in this period; the levels of NO~2~was decreased in 2002 to 2003, then it was almost constant to 2005, but in 2005 to 2007 (maximum level) it was increased, afterwards it was decreased in 2009 then formed astraight line (Fig. [3](#Fig3){ref-type="fig"}).

These trends could relate to controlling program (entering of new equipped vehicles with better fueling systems, using of catalytic converters in new vehicles, and having compulsory standards of Euro 1 and 2 for under-constructing ones). In spite of increased levels of NO~2~ concentration, very small increases were observed. Although, controlling program in Tehran city was considered to use engines with better combustion and produce fewer NO~2~, and decreasing emission of NO~2~ per mile, the number oftraveled miles increased as NO~2~ continues to rise, some of the studies \[[@CR23], [@CR29], [@CR30]\] confirm this finding.

According to the statistical analyzes (one-sample test), changing trends of ozone concentration was linked to NO~2~ concentration (*P* \> 0.05) and similar to the majority of findings identified that the main factor of reducing concentration of ozone is NO~2~ \[[@CR23], [@CR31]\]; a correlation was obtained between the ozone and NO~2~ concentration, some studies \[[@CR23], [@CR32]\] are consistent with gained findings, but are not compatible with the results of Jonson *et al.* \[[@CR22]\].

The trend of surface ozone had a fluctuating process. The two peaks were indicated in 2005 and 2007. The trend of the concentration of the ozone was a gentle increasing in total period (for more details see the Fig. [4](#Fig4){ref-type="fig"}).

It is seemed that, small rate of ozone increase is due to controlling programs of air pollution, particularly NO~2~. Although a controlling program is being conducted in Tehran, like other developed countries, there is a gap between plan and implementation \[[@CR33]\].

It should be considered that our data are collected from interurban stations and part of reported concentration might be resulted from industries around the city, but the same data are very valuable for the detection of pollutants behavior. It is also noted that evaluation of ozone trends are very difficult since these trends have many inter annual variations and plenty of time is required to assess.

Conclusion {#Sec6}
==========

This study targeted the short and long-term changes of ozone and the concentration of its precursors. It determined that job shifts and solar radiation and photochemical reactions are the main causes of daily changes for these pollutants; in case of long-term trend of NO~2~, it was the main factor for ozone trend. Based on the current findings, giving more attention to high impact of job shifts on daily changes of pollutants is necessary, legislation and facilities should be adopted to improve and move towards the use of public transportation systems. In addition, the public transportation system should be extended and reconstructed. The effective actions were performed to improve fuel that all of the activities should progressively be continued.

More researches should be performed to focus on the impact of industrial emission on ozone behavior, using of treated data for the same studies, and evaluating the effects of controlling program stages on pollutants behavior, as well.
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